Insect feeding
Pieris brassicae larvae (4 th or 5 th instar) were raised on cabbage and transferred to 5-week-old WT Arabidopsis for 24 hours prior to experiments. Spodoptera littoralis larvae with weight of approx. 400 mg were raised on WT Arabidopsis from the time of hatching. All larvae were starved for 2 -4 h prior to experiments. To feed larvae on a specific leaf, plastic Petri dishes (5 cm diameter) with approx. 3 mm wide vertical slits in the side walls were used. The petiole of the one leaf was passed through the slit. After placement of the larva, the Petri dish was covered with a plastic lid. Caterpillars were allowed to feed on the caged leaf.
Video recording
Video recording was used to identify the extent of damage necessary for induction of leaf-to-leaf signals and to define the moment of long distance wound signaling in Arabidopsis and M. pudica. Videos were recorded at 63 frames per second with a C922 Pro Stream Camera (Logitech Europe S.A., Lausanne, Switzerland). For simultaneous video, surface potential and force recordings we used DFK 72BUC02 camera (The Imaging Source Europe GmbH, Bremen, Germany). Video recordings were processed in MATLAB 2014b (MathWorks, Natick, MA) with custom-written scripts.
JAZ10 Real-Time PCR Quantitation JAZ10 RT qPCR measurements were performed on 5-week-old Arabidopsis plants according to Gfeller et al. (35) .
Laser wounding
A light-emitting diode (LED, 808-nm) laser (MDL-N-808-W LED laser head coupled with s PSU-H-LED Power Supply (Changchun New Industries Optoelectronics Technology Co.)) was interfaced to an InstruTECH LIH 8+8 Acquisition Interface (HEKA Elektronik GmbH, Lambrecht/Pfalz, Germany). Light was directed through an optical fiber (Changchun New Industries Optoelectronics Technology Co) at power of 8W for 10 s to burn an approximately 2 mm diameter hole at the leaf-petiole junction. Chartmaster software (HEKA Elektronik GmbH) was used to control the duration of laser stimulation.
Surface potential measurements
Surface potential measurements were performed with Ag/AgCl electrodes made with chloridized silver wire, 0.5 mm in diameter, soldered to golden connectors (World Precision Instruments, Sarasota, USA). Contact between leaf surfaces and electrodes was provided by drop (~10 µl) of conducting solution (10 mM KCl in 50% (v/v) glycerol). An Ag/AgCl reference electrode (0.5 mm in diameter) was placed in the soil. Both electrodes were rechloridized regularly. Surface electrodes were mounted on the probe of a FD223a amplifier (World Precision Instruments, Sarasota, USA) which in turn was mounted on MM33 manual micromanipulator (Märzhäuser Wetzlar GmbH & Co. KG). An InstruTECH LIH 8+8 Acquisition Interface (HEKA Electronik GmbH, Lambrecht/Pfalz, Germany) and Chartmaster software (Heka Electronik GmbH, Lambrecht/Pfalz, Germany) was used as an acquisition system (33 Hz acquisition frequency).
Petiole and midvein deformation measurements with force sensing probes Caterpillar-and laser-induced microforce changes on leaf petioles were recorded using FT-S1000 microforce sensing probes, with tips equipped with (250 µm diameter) ruby spheres (FemtoTools AG, Buchs, Switzerland). Caterpillar-induced force changes from leaf midveins exposed according to Nguyen and Kurenda et al. (9) were recorded using FT-G102 Force Sensing Microgrippers (FemtoTools AG, Buchs, Switzerland). Sensing probes were mounted on MM33 manual micromanipulators (Märzhäuser Wetzlar GmbH & Co. KG). The probes were connected to an InstruTECH LIH 8+8 Data Acquisition Interface (HEKA Elektronik GmbH, Lambrecht/Pfalz, Germany) with handmade circuitry in accordance with the manufacturer's instructions. The data acquisition interface under control of Chartmaster software served also as a force probe power supply. With this set-up combined with surface electrodes were able to acquire up to two recordings per day. To detect force changes on exposed veins we used Force Sensing Microgrippers controlled with a by EA-PSI 5200-04 A Laboratory Power Supply (EA Elektro-Automatik GmbH & Co. KG, Viersen, Germany). A 33 Hz signal acquisition frequency was used. Data analysis was made in MATLAB 2014b (MathWorks, Natick, MA) with a custom written script. All combined electrophysiology and force measurement experiments were performed on a vibration-free TMC Air Table ( AutoMate Scientific, 812 Page Street, Berkeley, CA) equipped with a breadboard floated at 7 -10 bars. With this set-up combined with surface electrodes were able to acquire on average up to one recording per two days.
Petiole surface deformation quantification from three-dimensional depth compositions
Caterpillar-induced petiole surface micro-deformations were quantified based on threedimensional (3D) height compositions created with the Fine Depth Composition function of VHX-6000 digital microscope (Keyence, Osaka, Japan). The digital microscope was equipped with a VH-Z100R lens (Keyence, Osaka, Japan); 200x magnification was used for measurements. To create individual petiole surface 3D height compositions, series of 125 pictures with resolutions of 1200 x 1600 pixels corresponding to areas of 1.25 x 1.68 mm and covering total height difference of approx. 1 mm were taken. To automate height data acquisition mouse movement recording software (Mini Mouse Macro; www.turnssoft.com) was used to initiate and save individual height compositions. Acquisition of the images and data processing for creation of one 3D height composition lasted 2 minutes and resulted in an array of height points corresponding to pixels of the image. Electrophysiological and 3D height composition time series acquisitions were initiated simultaneously. With this set-up combined with surface electrodes were able to acquire on average up to one recording per day. Height compositions were exported to MATLAB 2014b for time series analysis. Time series analysis consisted of identification of petiole surface area with the biggest deformation i.e. the biggest height changes during time of measurement. To do that, height standard deviations were calculated over the time of measurement for corresponding points of height compositions. Then, mean height from an area of 100 x 100 height points surrounding the point of maximal standard deviation was calculated for each composition over a time.
Electron microscopy
Arabidopsis petiole sections (1 mm long) were cut and immediately fixed in glutaraldehyde solution 2.5 % (v/v) (EMS, Hatfield, PA, US) in 0.1M, pH 7.4 phosphate buffer (PB) for 1 h at room temperature (RT). The sections were rinsed for 5 min, three times in PB buffer and postfixed in a fresh mixture of osmium tetroxide 1 % (EMS, Hatfield, PA, US) with 1.5 % (w/v) potassium ferrocyanide in PB buffer for 1 h at RT. The samples were then washed three times in distilled water and dehydrated in acetone solution at graded concentrations (30 % -40 min; 50 % -40 min; 70 % -40 min; 100 % -3x 1 h). This was followed by infiltration in Spurr resin (EMS, Hatfield, PA, US) at graded concentrations (Spurr 1/3 acetone-12 h; Spurr 3/1 acetone-12 h; Spurr 1/1-2 x 8 h). Then, infiltrated petioles were placed in moulds with fresh Spurr resin and polymerized for 48 h at 60 °C. Sections of 50 nm were cut on a Leica Ultracut (Leica Mikrosysteme GmbH, Vienna, Austria) and applied to a 2 x 1 mm copper slot grid (EMS, Hatfield, PA, US) coated with a polystyrene film. Sections were poststained with uranyl acetate 2 % (w/v) in H 2 O for 10 min, rinsed several times with H 2 O followed by Reynolds lead citrate in H 2 O (36) for 10 min and rinsed several times with H 2 O. Micrographs were taken with a Philips CM100 transmission electron microscope (Thermo Fisher Scientific, Waltham, MA USA) at an acceleration voltage of 80 kV with a TVIPS TemCam-F416 digital camera (TVIPS GmbH, Gauting, Germany).
Leaf tip movement quantification Leaf 13 tip movement and surface potentials were recorded simultaneously during P. brassicae feeding on leaf 8. For movement recordings, a DFK 72BUC02 camera (The Imaging Source Europe GmbH, Bremen, Germany) mounted to Leica Z6 APO stereoscope (at 2x magnification) (Leica Microsystems, Heerbrugg, Switzerland) were used. Synchronization between surface potential and video recordings was provided by an InstruTECH LIH 8+8 Data Acquisition System (HEKA Elektronik GmbH, Lambrecht/Pfalz, Germany) which allowed collection of surface potential signals with a 10 Hz frequency and which controlled camera acquisition rates at 5 frames per second. Video frames with a resolution of 2592 x 1944 pixels corresponded to dimensions of 3.7 x 2.8 mm at the stereoscope focal plane. The camera was focused directly on the leaf tip from a frontal position (i.e. along long axis of the leaf). Video recordings were analyzed in MATLAB 2018b (MathWorks, Natick, MA) to obtain leaf tip positions. These positions were obtained using the vision.PointTracker function available in the MATLAB 2018b Computer Vision Toolbox. For further analysis, only leaf tip movement data in the vertical axis were used. Since tip movement was quantified from leaves of different lengths, movement data were normalized to 25 mm leaf lengths. We assumed that the individual leaf lengths were stable during time of measurements and leaf tips moved along a circle whose center coincides with the center of the rosette. To do this, leaf tip paths between subsequent video frames were taken as the shortest sides of an isosceles triangle with the opposite angle in the center of the rosette. This isosceles triangle was divided at its shortest side into two right-angled triangles. The central angles between leaf positions in subsequent video frames were calculated as the arctangent of the specific triangle sides. Then, the central angle was used to calculate length of an arc of a circle where the radius corresponded to the normalized leaf length and the length of the arc reflected leaf movement.
Data analysis
Electrical signal amplitude, latency, duration and velocity were as defined in Mousavi et al. (8) . Membrane depolarization rates were quantified as the slopes between the depolarization initiation points and the depolarization minima. For force changes we calculated slopes from the initiation of force decreases to force decrease minima. Averaged traces and standard deviation envelopes for force changes or leaf movements were calculated from a specific number of simultaneously taken pairs of traces (either force change and membrane potential changes or leaf movements and membrane potential changes). Individual pairs of traces were adjusted to the fast depolarization phase minima of SWPs and then point-to-point averaged. Figs. 2 and 3 show standard deviation envelopes for force measurements and electrical signals. For each panel in Fig 2B-D we sampled simultaneously both force and surface potential at 33 Hz over 200 s (i.e. 6,600 force measurements and the same for surface potential measurements per experiment). For standard deviation calculation, 9 similar experiments were combined. Therefore, each of the panels is based on 59,400 data points. Similarly, for each panel in Fig. 3 , we used 11 replicates for force and surface potential measurements, both collected at 33 Hz. Each panel is based on 11 x 6,600 = 72,600 data points. All calculations were performed in MATLAB using custom-written scripts. Representative individual traces of the surface potential on leaf 8 (red lines) and leaf 13 (black lines) and force in leaf 13 (blue lines), obtained from experiments performed on glr3.3 glr3.6. The experimental design is shown in Fig. 2A in the main text. For insect-damaged plants, data from 50 s prior to, and 100 after SWP depolarisation minima were used. For A-D data are means (solid lines) and standard deviation envelopes (shaded area delimited by dashed lines). For E data are medians and 25th and 75th percentiles. Red dots are data from individual measurements. Whiskers indicate range of data distribution without outliers. (F) Means and medians of height change rates for data presented in E. (G) Petiole surface height changes from non-damaged and insect-damaged WT and glr3.3 glr3.6 within the same time frame. Data are medians and 25th and 75th percentiles from 14 independent measurements for WT and 10 independent measurements for glr3.3 glr3.6. Red dots are data from individual measurements. Whiskers indicate range of data distribution without outliers. Only the average value from the damaged WT (-2.4 µm) exceeded the limit of precision of the method. Statistical significance was calculated using one-way ANOVA and Tukey's post-hoc test. n.s., not -significant, * -p < 0.05, ** -p < 0.01. Data obtained from 14 independent measurements for WT and 10 independent measurements for glr3.3 glr3.6. Experimental setup was as in Fig. S5C.  Fig. S7 . Examples of individual traces of surface potential and force changes from exposed veins. (A) Force sensing microgripper holding exposed leaf 6 petiole midvein. Scale bar = 200 µm. (B) Experimental setup. Red circle, leaf 11 electrode; black circle, leaf 6 basipetal electrode; blue cross, force microgripper; black square, leaf 6 acropetal electrode. (C) Surface potential from leaf 6 (black solid line -basipetal electrode, black dashed line -acropetal electrode) and force changes from exposed vein in leaf 6 (blue line), obtained from measurement on non -wounded WT. (D) P. brassicae -induced surface potential from leaf 6 and force changes from exposed vein in leaf 6, obtained from measurement on WT. (E) P. brassicae -induced surface potential (black dashed line -acropetal electrode) and force changes (blue line) from exposed vein in leaf 6 and surface potential from leaf 11 (red line), obtained from measurement on glr3.3 glr3.6. Fig. S8 . Averaged vein deformations in the WT and glr3.3 glr3.6. (A) Relative force recordings and SPs (solid lines) basipetal and acropetal to exposed vein on WT plants, without wounding leaf 11. Six independent sets of simultaneously recorded traces were used to create mean graphs (solid lines) and standard deviation envelopes (shaded area delimited by dashed lines). (B) P. brassicae -induced force changes on exposed veins and associated SPs (solid lines) on WT plants. Standard deviation envelopes (shaded area delimited by dashed lines) were from 8 independent pairs of measurements. (C) P. brassicae -induced force changes on leaf 6 (blue solid line) of the glr3.3 glr3.6 double mutant. SPs traces from leaf 11 (red solid line) and leaf 6 (black solid lines) in the double mutant. Standard deviation envelopes (shaded area limited by dashed lines) were from 7 independent pairs of measurements. Mean force change slopes in the time range 40 -200 s were 0 ± 0.03 µN s -1 for the non -wounded WT, 0.1 ± 0.1 µN s -1 for the wounded WT and 0.05 ± 0.04 µN s -1 for wounded glr3.3 glr3.6. experiments performed on the irx5 mutant. Insects (P. brassicae) were allowed to feed on leaf 8. Note the initial action potential (AP) -like spikes (asterisks) in irx5 which preceded the principal depolarization (arrowheads). (B) Force change kinetics in WT and irx mutants associated with slow wave potentials. The initial force trend for all genotypes was positive (increasing force on the probe). Upon arrival of the SWP, force on the probe decreased and then began recovery to positive forces. In the WT, the duration of the transient force decrease at half amplitude was 100 ± 36 s. In the irx mutants, recovery to positive force changes did not occur in the duration of experiment. Means ± SD were from 8 independent pairs of measurements. (C) Comparison of spike signals and principal SWP components for the WT and irx mutants. The duration of the spike signal seen in irx mutants was measured at half maximum depolarization. Spike signals were present in 89 % (n = 8/9) Fig. S11 . The irx5 mutation acts synergistically with the glr3.3 and glr3.6 mutations. (A) P. brassicae -induced SPs in leaf 13. Larvae were allowed to feed on leaf 8. Traces were averaged according to depolarisation minima. Standard deviation envelopes (shaded area delimited by dashed lines) were from at least 10 independent measurements. (B-E) Quantitative comparison of larvaeinduced SPs in leaf 13 in the terms of velocities, amplitudes, durations and slopes of depolarisations, respectively. Bar graphs represent means +/-standard deviations from at least 10 independent measurements. (F) P. brassicae -induced JAZ10 expression in leaf 13. JAZ10 transcript levels were normalized to UBQ21 and are displayed relative to the expression of WT unwounded leaf 13. Measurements were performed on three to four biological replicates. (G) Basal JAZ10 expression in experiment presented in F. JAZ10 transcript levels measured by RT-qPCR were normalized to UBQ21. n.s. = not -significant. Data on bar graphs are means +/-standard deviations. Statistical were not detectable, therefore, leaf tip movement traces were averaged according to SWP fast phase depolarization minima from leaf 8. Solid lines are means (n = 8 for WT, n = 13 for glr3.3 glr3.6) and envelopes (shaded area delimited by dashed lines) are standard deviations. To compare leaf 13 movements from leaves of different sizes and from different genotypes, their lengths were normalized to 25 mm (average leaf length for WT was 24 ± 4 mm (n = 8) and for glr3.3 glr3.6 was 29 ± 6 mm (n = 13).
